Minimizing the potential of cancer recurrence and metastasis by the use of graphene oxide nano-flakes released from smart fiducials during image-guided radiation therapy.
An increasing number of studies show that cancer stem cells become more invasive and may escape into blood stream and lymph nodes before they have received a lethal dose during radiation therapy. Recently, it has been found that graphene oxide (GO) can selectively inhibit the proliferative expansion of cancer stem cells across multiple tumor types. In this study, we investigate the feasibility of using GO during radiotherapy to synergistically inhibit cancer stem cells, and lower the risk of cancer metastasis and recurrence. We hypothesize that graphene oxide nano-flakes (GONFs) released from newly-designed radiotherapy biomaterials (fiducial) can reach targeted tumor cells within 14-21 days. These are the typical time periods between the implantation of the fiducial and the start of image-guided radiation therapy. To test this hypothesis, the spatial-temporal diffusion of GONFs in soft tissue is investigated as a function of different particle sizes. Toxicity of GONFs to normal (HUVEC) and cancer (A549) cells has been assessed using the MTT assay. In addition, the survival fraction of A549 cells treated with GONFs is determined via clonogenic assay during radiotherapy. The diffusion study shows that only GONFs sizes of 50 and 200 nm could achieve the desired concentration of 50 μg/mL for 2 cm diameter tumor after 14 and 21 days respectively. The clonogenic and the MTT assay confirm the additional benefit of GONFs in killing lung cancer cells during radiotherapy. This work avails ongoing in vivo studies that use GONFs to enhance the treatment outcome for cancer patients during radiation therapy.